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ACTUATOR DEVICE WITH STABLL
WORKING POSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Italian Application No.
TO2013A000255, filed Mar. 277, 2013, which application 1s
incorporated herein by specific reference.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention refers to an actuator device with
stable working positions; in particular a thermal and/or
clectrothermal actuator device with stable angular working
positions.

2. The Relevant Technology

As 1s known, i order to control some components of
apparatuses 1n general, such as household appliances, auto-
matic devices, vehicles, conditioners and the like, whose
operation 1s controlled either remotely (by means of control
units or remote controls) or manually, actuators are used
which may be of various kinds: electromechanical, thermo-
clectric, magnetic, hydraulic, etc.

Some of these actuators are systems which can be essen-
tially defined as cylinder-piston systems, wherein a movable
part (either the cylinder or the piston, as the case may be)
moves linearly and exerts a force on a mechanical member
to be controlled.

The latter may be of any kind, shape and size, e.g., the
door that closes a container, the gate of a valve, the flap of
a ventilation system, and so on.

In this description and 1n the appended claims, reference
will prevalently be made, for simplicity, to thermal or
electrothermal actuators, or thermoactuators, which will be
briefly discussed later on, it being understood that the
invention 1s also applicable to other actuator types, 1n
particular thermal ones, since 1t 1s compatible therewaith.

In the light of this introduction, the present imvention
relates, from a more particular point of view, to thermal
actuator devices or thermoactuators or thermoelectric actua-
tors with stable angular working positions, the latter being
positions taken in specific operating conditions; in particu-
lar, angular positions held in the absence of thermal exci-
tation and/or electric power, e.g., for closing or opening
doors, flaps, valves and the like, as alorementioned.

In order to keep these stable conditions, abutment ele-
ments are usually employed, 1.e., elements such as protru-
s1ons, shoulders or strikers, which physically stop the travel
of the movable part of the actuator, wherein, however, 1n
such condition the latter must always be kept operational by
clectric power supplied thereto or otherwise, so that it can
exert the force necessary for controlling the member with
which 1t 1s associated.

One example of a known actuator device designed as
explained so far 1s described 1n American patent U.S. Pat.
No. 7,063,092, the holder of which 1s the same Applicant of
the present application.

This device uses a per se known monostable thermoac-
tuator or thermoelectric actuator, such as an actuator with a
metallic body, comprising a wax or another heat-expandable
material, and a slidably iserted movable shait or piston,
which 1s moved by the wax expanding when heated by an
clectric resistor, subject to the elastic reaction of a spring for
repositioning the movable shait or piston when the electric
supply or excitation stops.
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A rack 1s associated with said known monostable linear
thermoelectric actuator, which engages with a pinion whose
rotations, imparted by the alternating linear motion of the
rack, are used for opening and closing the door of a washing
agent dispenser of a household appliance, such as a dish-
washer or the like.

In particular, the dispenser opens at the end of the forward
stroke of the thermoactuator’s piston, and this condition 1s
maintained for a preset time interval, so as to allow the wash
water of the dishwasher to clean the dispenser compartment
of all residues of the agents contained therein.

During this time interval, the thermoactuator or thermo-
clectric actuator 1s electrically powered to exert the force
required for holding the dispenser open, and only at the end
of this interval 1t 1s de-energized in order to close the
dispenser.

As can be easily understood, such a solution, though
cilicient 1n opening and closing the dispenser, 1s not equally
cilicient from an energy consumption viewpoint, in that the
thermoelectric actuator continues to draw electric current
throughout the actuation time, 1.¢., as long as 1t 1s held 1n a
second position other than a first 1dle position.

This may not be satisfactory because, as 1s the case of the
latest household appliances, for example, very restrictive
conditions must be complied with as far as energy consump-
tion 1s concerned; the same applies to the case wherein a
great force must be exerted on the member controlled by the
actuator, since the large amount of power required by the
actuator for long periods of time may turn out to be costly
and/or harmiul, resulting in the risk of premature failure of
the actuator itself.

Let us consider, 1n fact, that the internal pressure of some
thermoactuator versions may be as high as some hundreds of
bar, or even 1n excess of 1,000 bar, resulting in the structure
being subject to high mechanical stresses further increased
by concurrent thermal stresses, which may vary depending
on the actuator’s heating or energization time.

BRIEF SUMMARY OF THE INVENTION

The technical problem underlying the invention 1s there-
fore to provide an actuator device which overcomes the
drawbacks aflecting those known in the art, as previously
referred to.

An 1dea for solving this problem 1s to provide a thermal
or thermoelectric actuator device associated with means for
stopping and/or engaging and/or holding the member
adapted to determine a rotary or angular movement, where
the actuator exerts or transmits a force; preferably, said
member 1s a pinion or anyway a rotary or angularly-movable
member, wherein said member may also be or comprise a
rack or a sliding member, such as a member moving or
sliding along a linear or curved path, preferably associated
with a rotary or angularly-movable element.

It should be considered that said movable member, pro-
vided with stopping and/or engaging and/or holding means,
1s also equipped with coupling means adapted to transmit or
receive motion, such as the teeth of said pinion and/or of said
rack, or other coupling or transmission means between
rotary elements and slidable elements or linearly-moving
clements, such as surfaces adapted to be coupled to each
other by Iriction, e.g., sliding and rotary elements made of
rigid maternial, covered or associated with respective elasto-
meric coupling surfaces.
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The main features of the actuator device according to the
invention are specifically set out 1n the claims appended to

this description.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and features of the mvention, as well as
the effects and advantages deriving therefrom, will become
more apparent from the following description referring to
some preferred but non-limiting examples of embodiment,
as schematically shown in the annexed drawings, wherein:

FIGS. 1 and 2 are perspective views ol an actuator device
according to the invention, respectively with and without the
top cover;

FIG. 3 1s a perspective view of the device of FIG. 2 from
a different angle;

FI1G. 4 shows 1n detail the housing shell and the cover of
the device of the preceding Figures;

FIGS. 35a-5d are partially sectional views showing from
above the operation of the device of the preceding Figures,
in respective operating conditions;

FIG. 6 1s an exploded view of the device of the preceding
figures;

FIG. 7 1s a plan view of the device of the preceding
figures;

FIGS. 8, 9 and 10 are sectional views along lines A-A,
B-B and C-C of FIG. 7, respectively;

FIG. 11 1s a perspective view of a second embodiment of
the actuator device of the invention, with a part thereof
removed for clarity;

FIGS. 12 and 13 are perspective views, from different
viewpoints, of some details of the embodiment of FIG. 11 in
a first operating condition;

FIGS. 14 and 15 are perspective views, from different
viewpoints, of some details of the embodiment of FIG. 11 in
a second operating condition;

FIGS. 16-22 show respective consecutive operating steps
ol a detail of the second embodiment of the device of FIG.
11;

FIGS. 23-29 are enlarged views of a detail of FIGS. 16-22
in corresponding operating steps;

FIGS. 30 and 31 show some enlarged details of the device
of FIG. 11 from different angles;

FIG. 32 1s an exploded view of the embodiment of the
device of FIGS. 11-31;
FI1G. 33 15 a view from a different angle of a detail of FIG.
32;

FI1G. 34 1s a perspective view of a third embodiment of the
device according to the mvention;

FI1G. 35 1s a perspective view of some details of the device

of FIG. 34:

FIG. 36 1s a plan view of the device of FIG. 34;

FIG. 37 1s a sectional view along line A-A of FIG. 36;

FIG. 38 1s a plan view of the device of FIG. 34 without
the cover;

FIGS. 39 and 40 show some enlarged details of the device
of FIG. 34, from respective viewpoints;

FI1G. 41-44 show the details of FIGS. 35, 39 and 40 during
respective consecutive operating steps;

FI1G. 45 15 a perspective view of a further embodiment of
the actuator device according to the mvention;

FIG. 46 1s a plan view of the actuator device of FIG. 45,
without the cover;

FIG. 47 1s a perspective view showing some parts of the

device of FIG. 45;
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FIG. 48 1s a plan view of FIG. 47;

FIGS. 49-53 are perspective views from respective angles
of some details of the device of FIG. 45;

FIG. 54 1s an exploded view of the device of FIG. 45;

FIG. 55 1s a perspective view of a further variant of the
device according to the mvention;

FIG. 56 shows the variant of the device of FIG. 55, with
a part removed to make the internal parts visible;

FIGS. 57 and 58 show a plan view and a side view of the
device of FIG. 56;

FIGS. 59 and 60 show respective details of the device of
FIG. 55;

FIG. 61 1s an exploded view of the device of FIG. 35.

(L]

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

With reference to the above-listed drawings, 1t must be
pointed out that terms such as “high”, “low™, “upper”, “side”
and the like, mentioned in the description, refer to the
arrangements shown in the annexed non-limiting drawings,
and as such they have an exemplary and non-limiting
character; furthermore, any special shape, structure or fea-
ture described herein may be appropriately combined in one
or more “embodiments”, even diflerent from those illus-
trated and/or described, and the references used herein only
aim at better clarity and convenience, without limiting the
protection scope of the invention.

In this description, definitions such as “embodiment™ and
the like indicate that at least one particular configuration,
structure or feature described in relation to that specific
embodiment or example 1s comprised 1n at least one possible
implementation of the invention; therefore, phrases such as
“in an embodiment” and the like, which may occur several
times 1n this description, will not necessarily refer to the
same embodiment or implementation of the invention.

With specific reference to FIGS. 1 to 10, there 1s shown
a first embodiment of the actuator device according to the
invention, designated as a whole by reference numeral 1.

The device comprises a shell or outer housing part 2 for
arranging at least some of its components, which include a
thermal or electrothermal actuator 3, hereafter also referred
to, for brevity, as thermoactuator.

In a preferred example, the thermoactuator 3 comprises a
thermal assembly 31 having a metallic and/or thermally
conductive body, with an inner chamber 315 containing a
heat-expandable material M (such as, for example, wax) and
a thrust element 31a, which 1s adapted to move a shait or
stem 32 coming out of the outer housing 2, on which
clements for closing and sealing the housing 30 are
mounted.

Preferably, said thrust element 31a 1s made of metal and
1s at least partly in contact with said expandable material M.

Preferably, the thermoactuator 3 further comprises an
insulating housing 30 and an additional thrust element,
substantially 1n the form of a shait or stem 32, e.g., made of
insulating plastic material, being also associated or equipped
with an electric heater 38, typically consisting of a positive
temperature coethicient (PTC) resistor, electrically powered
through at least one electrically conductive terminal 34, 35.

When there 1s voltage across the power terminals, the
clectric heater 38 being run through by current generates
heat and causes the heat-expandable maternial to expand in
the chamber 31b: such expansion, 1n turn, causes the thrust
clement 31a to move linearly towards the outside of its body
31, so as to move the shaft or stem 32 up to a predetermined
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second working position, which 1s generally defined by a
mechanical abutment element.

When no longer supplied with electric power, the heater
38 cools down and the heat-expandable material contracts
again, thereby causing the thrust element 314 to return inside
the body 31, 1.¢., to the mitial 1dle position, possibly with the
aid of an elastic return element, such as a spring 33; the
spring 33 preferably acts upon said stem 32, which in turn
cooperates with said thrust element 31a.

The stem 32 preferably has an elongated shape and 1s
associated with said spring 33, which 1s useful to ensure the
clastic return of the thrust element 31a and/or of the thermal
assembly 31 and/or of the actuator 3 into the idle condition
when 1t 1s thermally de-excited and/or electrically turned off
and the wax therein has cooled down and contracted; for this
purpose, the spring 33 preferably pushes said stem 32, which
in turn pushes the thrust element 31a towards the inside of
the chamber 315.

The thermoactuator 3 1s of the monostable linear type,
meaning by this that it allows to obtain a travel to a final
working position only as long as 1t remains electrically
powered and/or thermally excited, whereas when said elec-
tric power and/or thermal excitation stop 1t will return to its
normal i1dle position.

The most important advantages offered by such a typol-
ogy ol actuators are the great force or working power that
they can develop notwithstanding their small dimensions,
low cost, low consumption and quietness ol operation.

As clearly shown in FIG. 6, the actuator 3 comprises a
housing of 1ts own consisting of two external hali-bodies
30a, 3056 accommodating the thermal assembly 31, which
contains the wax or expandable matenal; preferably, 1t also
houses an electric heating element or PTC resistor 38, at
least part of electric connection or power terminals 34, 35,
at least part of a stem or shaft 32, and an elastic element or
spring 33.

The actuator 3 comprises fastening means, which in this
example consist of symmetrical fastening flanges 36,
wherein each fastening element or tflange 36 1s formed 1n a
respective halt-body 30a, 305b.

For 1ts operation, the thermoactuator 3 1s preferably
equipped with at least one respective pair of electric contacts
34, 35 to be connected to a power supply source, as 1s the
case of household appliances, for example, wherein the
actuator device 1 according to the invention can be used to
advantage; preferably, said electric contacts 34,35 are elec-
trically coupled and/or connected to the heater or PTC
resistor 38 and to a metal body 31c¢ of the thermal assembly
31, with one electrically and thermally conductive end of the
heater 38 1n contact with the metal body 31c¢, thus essentially
forming a “terminal 34-heater 38-body 31c-terminal 35”
clectric series.

The thermoactuator 3 i1s arranged inside the shell 2, in
particular with its working axis defined by the direction of
movement of the stem 32 and/or of a first transmission
member, substantially consisting of a rack 6, preferably
arranged horizontally with the fastening flanges 36 project-
ing upwards and downwards and extending through respec-
tive apertures 20 provided on the cover 21 that closes the
shell 2 and on the bottom of the latter.

The fastening element 36 of the thermoactuator 3 may
however be absent or be of a type other than a flange,
resulting 1n a different coupling or engagement with the
housing or shell 2.

According to the non-limiting example shown 1in the

drawings, the shell 2 has a rear portion 2a that houses the
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thermoactuator 3 and a front portion 25 that houses a second
rotary or angularly-movable transmission member, called
pinion 3 for simplicity.

The latter advantageously consists of a first central ele-
ment or pin 50 for supporting and/or fitting a toothed wheel
51; 1t should be considered that said toothed wheel 51 may
have teeth either on i1ts whole circumierence or curved
proflle or on only a portion thereof, preferably on two or
more portions, thus being divided into distinct sectors as
shown 1n some drawings, wherein the circumierence of the
toothed wheel 51 comprises two opposite or specular or
semicircular sectors Sla, 5154.

The pin 50 of the pinion 5 has a base 52, preferably having
a greater diameter than the pin itself and/or than the toothed
wheel 51, in the form of a coupling or {itting element 53,
¢.g., comprising a polygonal or square protuberance or
cavity 53, for coupling the rotary pinion 5 to an output shatt
or another member driven by the externally associated
actuator device 1 (not shown in the drawings), such as a
shaft having at least one end with a shape complementary to
the coupling element 53, e.g., polygonal or square.

Preferably, 1n the cover 21a seat 22 1s formed for housing,
an msert 56 of the cover 21; in accordance with a preferred
embodiment, said insert 1s made of transparent matenal,
such as a transparent thermoplastic material or glass, to
allow seeing or checking from outside the cover 21 the
angular position of the upper end of the pinion 5 and/or of
the toothed wheel 51. To this end, suitable notches or
protuberances 27 are also present inside the seat 26 of the
cover 21, which cooperate with a reference provided on the
pinion 5 and/or on the toothed wheel 51 to indicate the
angular position thereof.

For example, the reference on the pinion may consist of
the separation between one sector 31a and the other sector
515 on the toothed wheel 51 of the pimion. The position of
the pinion 5 may advantageously be detected through the
transparent insert 56 with optical means (e.g., photocells,
luminous rays, etc.), which are not shown in the drawings
because per se known.

Another possible function of the insert 56 is to protect the
coupling between the cover 21 and the pinion 5 against dust
and dirt 1n general, which may cause Iriction and/or wear
over time.

The actuator device 1 may further comprise a coil spring
57, which, 1n the assembled condition of the pinion 5, is
interposed between the shell 2 and the base 52 of the pin 50
to facilitate the elastic return of the base 52 and/or pin 350
into the idle condition as soon as the thermal excitation
and/or electric supply stop, preferably also promoting the
repositioning or return of the pinion 5 and/or of the toothed
wheel 51, and consequently also of the rack or sliding
clement 6.

It should be noted, 1in this respect, that the rack 6 1s
preferably integral with the stem 32, and therefore the return
of the stem 32, caused by the elastic reaction of the spring
33, preferably causes also the movement or return of the
rack 6 and, consequently, of the pinion §; 1t 1s however
conceivable to add said spring 57 in the event that the force
of said spring 33 1s too weak, e.g., 1f the spring 33 1s only
s1zed for returning the stem 32 alone, or 1f there 1s a strong
countering force exerted by the external apparatus connected
to the actuator 1.

The rack or sliding element 6 1s preferably guided later-
ally by at least a portion of the housing 2, 21, e.g., by the side
walls of the front portion 26 of the shell 2 and/or by the walls
of the cover 21, against which 1t preferably abuts.
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The rack 6 1s connected to or integral with the end 32a of
the stem 32, 1n particular by means of a rack shank 6a. On
its top face, the rack 6 has a protruding peg 8 acting as an
articulation or pivot for a movable hooking element 9,
preferably curved and provided with a protuberance or
shaped like a hook at one end 9a; 1n particular, said movable
clement consists of a profiled metal wire, preferably so
shaped at one end as to create a ring or seat 95 to be coupled
or fitted onto said peg 8, whereas at the other end it 1s so
shaped as to form said protuberance or hook-shaped element
Qa.

Said hooking element 9 fits mnto a glyph or groove 22
provided on the cover 21 of the device, which defines a
substantially closed path along which the hook 9 moves; 1n
particular, said groove 22 creates a cam-shaped path for said
hooking element 9 and/or a closed path 22 with intermediate
hooking positions for said element 9.

In FIGS. 5a-5d one can appreciate the position of the
hook 9 1n successive operating steps corresponding to dif-
ferent positions of the rack 6 and of the stem 32.

The device 1 according to the invention operates as
follows. In order to turn the pinion 35 clockwise with
reference to a top view of the device 1 (like those of FIGS.
1 and 2), the rack 6 1s moved and/or pushed and/or advanced
by the thermoactuator 3.

The latter 1s electrically powered through the contacts 34,
35, which heat up the PTC electric resistor 38 arranged
inside the thermal assembly 31.

The activation of the thermoactuator 3 causes the thrust
clement 31a to move and operate the stem 32, which comes
out of the body 30 of the thermoactuator 3 and, by over-
coming at least the countering force of the spring 33, pushes
and moves the racks 6, to which 1t 1s preferably connected
by means of the head 32a-shank 6a coupling.

The travel of the rack 6 1s thus substantially equal to that
of the thermoactuator 3 (typically a few millimeters, e.g., 1n
the range of 4 mm to 12 mm or even more), and rotates the
pinion 5 by a preset angle as a function of the transmission
ratio of the toothed wheel 51, e.g., an angle between 30
degrees and 180 degrees, preferably between 45 degrees and
90 degrees.

Preferably, for obtaining a 90 degree rotation a rotary
clement 5 with a toothed wheel 51 having twelve 0.75
module teeth 1s used, whereas for obtaining a 50 degree
rotation a rotary element or pinion 5 with a toothed wheel 51
having twenty-two 0.75 module teeth 15 used.

Let us consider the travel of the thermoactuator 3 starting
from an 1nitial i1dle condition (FIG. 5a), wherein the stem 32
1s retracted in the housing 30 of the thermoactuator 30; at
this stage, the end 9a of the hooking element 9 1s 1n the
initial position or section 22a of the path 22.

The activation of the thermoactuator 3 causes the stem 32
and the rack 6 to move forwards, along with the hooking
clement 9 pivoted to the peg 8; at this stage, the pinion 5
rotates through the eflect of the meshing between the toothed
wheel 51 and the teeth 61 of the rack 6, while at the same
time the hook 9 advances along the first section 22a of the
groove 22, up to an abutment point 225 preferably compris-
ing a seat of the groove.

The subsequent deactivation of the thermoactuator 3
causes the stem 32 and the rack 6 to move backwards, held
by the hook 9, which moves backwards along a second
section 22¢ until 1t abuts against a protrusion 23 and/or gets
into an engagement seat 1n the groove 22 (FIG. 5c¢).

At this stage, therefore, the thermoactuator 3 receives no
power and the abutment of the hook 9 against the protrusion
or seat 23 holds 1t against the action of the spring 33, so that
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this operating condition 1s stable and the pinion 5 1s locked,
in particular 1n a working position.

Note that, for this purpose, the protrusion or seat 23 has
a slightly concave profile, thus ensuring that the hook 9 1s
housed securely.

In order to release the latter from the position thus
attained, the thermoactuator 3 1s activated or electrically
powered again, thus causing the stem 32 and the rack 6
connected thereto to move forwards until the hook 9 disen-
gages from the protrusion 23 and travels along the third
section 22d of the groove 22 to arrive at a further end-oi-
travel position or end 22e of the path 22 (FIG. 54).

The following deactivation of the thermoactuator 3 causes
the stem 32 and the rack, no longer held by the hook 9, to
move backwards, so that the system will return into the
initial condition; at this stage, the hook 9 returns into the
initial position or section 22a of the path 22.

Also said pinion or angularly-movable element 5 rotates
as a consequence of the return movement of said rack or
sliding element 6 with which 1t 1s meshed and/or engaged.

As can be easily understood, the device 1 allows to obtain

an alternating linear motion of the rack 6 and, 1f the latter 1s
engaged with a pimion 5 as in this case, also an angular
motion or an alternate rotation of an output member, such as
a shaft or the like.
This result 1s attained by activating the thermoactuator 3
and/or the device 1 for a short time, as strictly necessary for
moving the system between two positions, 1.e., the one 1n
which the rack 1s retracted together with the stem 32, and the
one in which 1t 1s advanced and locked by the hook 9 that
engages the protrusion or seat 23, e.g., an intermediate
engagement position 23 along the path 22.

Thus, for example, 1f the actuator device 1 1s used for a
washing agent dispenser of a household appliance like that
disclosed 1n the above-mentioned American patent U.S. Pat.
No. 7,063,092, or for controlling an obstructor or a tlap, the
time during which the pinion 5 1s held in the locked
condition depends on the wash or utilization cycle and may
be as long as a few minutes (e.g., 5-15).

In such time interval, the thermoactuator 3 in the device
1 of the invention 1s not electrically powered, resulting 1n an
evident consumption advantage.

In this regard, it must be pointed out that said hook-
shaped element 9 may possibly be secured to a part of the
pinion 3, cooperating with a similar closed path or cam path
formed in another part of the housing 2,21.

Likewise, also the positions of the hooking elements 9, 22
may be inverted, 1.e., with a cam path 22 formed 1n the rack
or 1n the pinion and a hook 9 secured to the housing 2,21.

It 1s apparent from the above description how the device
1 according to the invention can solve the technical problem
addressed by the mvention.

In fact, 1t allows to hold the pinion 3 in two preset
conditions or stable positions without requiring electric
power to be continuously supplied to the thermoactuator 3,
since the latter needs to be powered only for the time strictly
necessary for switching the angular position of the rotary
element 5,51.

It follows that, from an energetic viewpoint, the consump-
tion ol the device 1 1s much lower, all conditions being
equal, than that of the above-mentioned prior-art devices, 1n
which the thermoactuator must be kept powered as long as
the pinion needs to be held 1n the stable condition.

It must be underlined that this result 1s attained for both
stable conditions of the device, 1.e., for both stable angular
positions; hence the advantage 1n this respect 1s doubled.
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It must also be pointed out that the bistable engagement
according to the invention, as well as the varniants thereof
that will be discussed hereatter, are robust and can withstand
high stresses or forces in the opposite direction in the
angular working position even without exciting or powering
the actuator 3, such a high holding force being obtained, in
particular, with a small device.

This 1s an 1mportant aspect, because opposite stresses or
forces may be due to a strong air tlow, 1n the case of a device
1 associated with a flap, or to high pressure or a strong
opposite liquid flow, 1n the case of a device used as a valve
obstructor, etc.

It follows that the device 1 combines all the above-
mentioned advantages derived from the use of thermal
actuators, without the drawbacks due to the necessity of a

continuous electric supply.

The device 1 1s small, in that the hook-shaped element 9
and/or the path 22 are substantially contained within the
dimensions of the rack 6 and/or of the pinion S; 1n particular,
such an arrangement limits the outer dimensions to those
strictly necessary, since they are determined by the travel of
the rack 6 and hence of the thermoactuator 3.

In other words, 1t must be pointed out that the device
according to the invention does not require increased overall
dimensions compared with other rack-type devices known 1n
the art.

Because of at least some of these features, as already
explained, the device 1 turns out to be compact and precise.

Of course, the mvention may be subject to a number of
variations with respect to the description provided so {far.

As aforesaid, it may generally be thought of replacing the
engagement system consisting of the hook 9 and the groove
22 with other releasable engagement means associated with
the rack.

One possible vanant of the invention 1s shown 1n FIGS.
11 to 33, wherein for simplicity any elements which are
similar and/or equivalent to those already described are
designated by the same reference numerals with the addition
of 100; thus, for example, the device of this vanant is
designated as a whole 101 and comprises a container shell
102 that houses 1ts components, closed by a cover 121.

In substance, this embodiment of the invention differs
from the preceding one in that the locking mechanism
assoclated with the first transmission member 106, 1.e., a
rack or another sliding element cooperating with the second
rotary or angularly-movable transmission member 105, 1.¢.,
the pinion 105, comprises a locking or hooking element 109
which 1s movable 1n a floating or horizontally-pivoted or
oscillating manner.

The structural and functional characteristics of said ele-
ment will become more apparent in the light of the following,
description; they are numerous, and therefore, to avoid
providing a limiting definition of said element, 1t waill
hereafter be defined, for brevity, as oscillating element 109
and/or hooking element 109 and/or oscillating hooking
clement 109.

The oscillating hooking element 109 i1s also movable
within the shell 102, which i1s preferably connected to or
associated with the rack 106, 1n particular by means of a
spring 108 and/or mutual engagement means, as will be
explained below.

According to the preferred example, one end of the spring
108 1s secured to a first peg 111 on the rack 106, whereas the
other end 1s secured to a second peg 112 on the oscillating
clement 109, which 1s thus subject to the elastic return force
of the spring 108.
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Advantageously, the oscillating element 109 has an
appendix 113, in particular a downward-projecting protu-
berance, which guides the oscillating element 109 along a
groove or guide 123 of the housing 102,121, preferably
located on the bottom of the shell 102, so as to follow or
guide the movements of the oscillating element.

The oscillating element 109 1s provided with a first tooth
or hook 114 at its rear end, 1.¢., the one facing towards the
thermoactuator 103, and at the other end 1t has a second
tooth and/or pivot 115, both substantially facing towards the
rack 106; the first tooth 114 engages against a chamier or
engagement seat 116 at the back part of the rack 106 for
stopping or engaging in an advanced condition, whereas the
second tooth or pivot 115 1s used as a further hooking
clement and/or for causing the oscillating element 109 to
oscillate, particularly in order to allow the first tooth 114 to
be disengaged.

To allow relative movement between the oscillating ele-
ment 109 and the rack 106, the bottom edge of the latter 1s
lowered by a cavity or seat 118 that ends at the front with a
protuberance 118a; the oscillating element 109 also has a
front end 119, configured with a rounded tip 119q¢ and an
inclined surface 1195 which, 1n the operating condition that
will be better described below, promote the oscillation
and/or movement of the oscillating element 109 upwards
and/or downwards, as will be described below.

For this purpose, the end 119 cooperates with a cam
profile or seat 120 on the bottom of the container shell 102.
Advantageously, said cam profile comprises a concave
lower portion 120aq and a convex upper portion 12056.

Furthermore, 1n the housing 102, 121, and 1n particular 1n
a side wall of the container shell 102, there 1s a portion or
protuberance 122, preferably square 1n shape, which couples
to the cavity 118 of the rack 106, 1n particular for creating
a sliding guide for the rack 106; said portion or protuberance
122 comprises a seat 122a adapted to be coupled to the
second tooth 115 of the oscillating element 109.

In accordance with a preferred embodiment, the seat 1224
and the second tooth 115 have a semicircular or anyway
rounded profile, to promote the relative movement due to the
oscillations of the element 109.

However, the second tooth 115 and the seat 122a may
have a different shape (e.g., a trnangle resting on a vertex),
so long as it can allow relative movement while the element
109 1s oscillating.

This first variant 101 of the invention operates as follows.
When the thermoactuator 103 i1s electrically powered as
already explained for the preceding case (to which reference
should be made for brevity), the stem 132 moves from the

retracted condition (visible in FIGS. 12-13, 16 and 22) to the
advanced one (FIGS. 14-15, 17-21).

As can be seen, 1n such initial or retracted condition the
oscillating hooking element 109 1s positioned 1n such a way
that 1ts rounded end 119 i1s pivoted into the concave lower
portion 120 of the cam profile 120. At the opposite end, the
first tooth 114 of the oscillating hooking element 109 rests
against the bottom edge of the rack 106.

It can be noticed that 1n said initial condition the oscil-
lating hooking element 109 1s substantially horizontal, 1n
particular facing towards the housing 102, whereas the
spring 108 1s 1dle (i.e., not under tension) and extends
slightly inclined between the pegs 111 and 112.

In this mitial condition, the oscillating element 109 looks
as shown 1n FIGS. 16, 23, 1.¢., so positioned as to not engage
the rack 106, which 1s thus free to move, in particular the
hooking end 114 resting on and being free to slide along the
bottom profile of the rack 106.
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When the actuator 103 1s powered, the stem 132 advances
and consequently pushes the rack 106; following this move-
ment, the rack overcomes the first tooth 114, which conse-
quently oscillates upwards, 1.e., moves, engaged with the
seat 116 (as shown 1n FIGS. 17 and 24), integrally with the
rotating hooking element 109 pivoted to said rounded tip
1194, which 1s coupled to the concave portion 120a of the
cam profile 120.

This rotation 1s determined by the force of the spring,
which 1s extended and pulled by the advancing rack 106,
until 1t arranges itself into a substantially horizontal position.

In this step, the rear chamifer or seat 116 of the rack
engages with the first tooth 114 of the hooking element 109
to hold the rack 106; subsequently, the actuator 103 1s
deactivated, and its stem 132 tends to go back under the
return action of the spring 133 of the actuator 103.

The stem 132 being connected to the rack 106 by means
of the coupling between its head 1324 and the shank 1064,
the rack moves integrally with the stem through the effect of
the return force of the internal spring of the actuator 103.

The rack 106 would tend to go back along with the stem
132, but 1t 1s prevented to do so by the engagement of its
chamifer 116 with the engagement tooth 114, thus causing a
counterclockwise rotation of the hooking element 109 piv-
oted to the tooth 114, until the element 209 1s brought into
a substantially horizontal condition towards the rack; in such
condition, the second tooth 115 engages the seat 122q of the
protrusion or protuberance 122 of the shell 102 that houses
the device (cf. FIGS. 18 and 25).

At this stage, the rack 1s stably locked 1n an advanced
position, and the engagement of the second engagement
tooth 115 with the seat 122a prevents the oscillating element
109 from translating in the horizontal direction (FIGS. 19
and 26).

It follows that, when the actuator 103 1s activated again to
unlock the system and bring the rack 106 back, the latter 1s
pushed forwards (i.e., to the right with reference to FIGS.
20, 26) by the stem 132 being operated by the actuator 103.

The advance of the rack 106 further tensions the spring
108, the force of which, applied to the oscillating element
109 at the peg 112, causes the element 109 to make a rotary
movement about the fulcrum provided by the rounded tip
119a of the element 109 resting on the upper portion 1205
of the cam profile 120.

The rotation about the fulcrum 1194, 1204 allows the
engagement between the first tooth 114 of the oscillating
clement 109 and the rear chamfer 116 of the rack 106 to be
released, leading to the position shown 1n FIGS. 21 and 28,
so that the rack 106 1s free to move backwards, when the
actuator 103 1s de-energized, to return into the final condi-
tion wherein 1t rests on the engagement tooth 114 (FIGS. 22
and 29).

For this purpose, at this stage the actuator 103 1s turned
ofil, so that the elastic return force exerted by its sprmg on
the stem 132 1s transmitted to the rack 106, causing it to
return 1nto the initial condition (FIGS. 16 and 23), ready to
start a new cycle as just described.

It should be noted that the repositioning of the oscillating,
hooking element 109 into the 1nitial condition 1s facilitated
by the contact with the end protuberance 118a of the cavity
of the rack 106, which cooperates with the inclined surface
11956 of the tip 119 of the element, as schematized 1n FIGS.
22, 29, resulting in the rounded end 1194 of the element 119
sliding along the cam profile 120 until 1t repositions itself
into the concave lower portion 120aq (FIGS. 16 and 23).

In this context, the toothed wheel 151 of the pinion 103,
engaged with the toothing 161 of the rack 106, undergoes
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clockwise or counterclockwise rotations, depending on the
movements of the rack, by preset angles that depend on the
transmission ratio between the respective toothings, as
already explained 1n the above description, to which refer-
ence should be made for brevity.

It must be underlined that, as in the previous example, the
rack 106 1s preferably integral with the stem 132, due to the
cllect of the coupling between the head 132a and the shank
106a, during both 1ts forward and backward travels deter-
mined by the activation and deactivation phases of the
actuator 103, wherein the rotational force of the pinion 105
1s proportional to the force with which the rack 106 1is
pushed forwards by the actuator 103 and to the force with
which 1t 1s made to return by the spring associated with the
stem 132. The rotation of the pinion 105 1s transmaitted to a
yielding mechanical member (not shown in the drawings),
coupled to the device 101 at the base 152 of the pin, which
1s Tor this purpose equipped with a polygonal cavity 153 for
coupling to a shaft or a pin or the like.

As can be easily understood, from the functional view-
point this variant of the device of the invention 1s similar to
the previous example; therefore, 1t attains the same results in
terms of low energy consumption, which come from the fact
that the thermoactuator 103 essentially operates only for the
time necessary for moving the rack 106 from the retracted
condition to the advanced condition, and vice versa.

In such conditions the device 101 1s stable and reliable, so
that 1t can be used for many applications which are not
limited to household appliances, but 1n general include any
case wherein a mechanical member must be actuated angu-
larly or linearly between two stable positions.

In this context, 1t must be stressed that, as 1n the preceding
case, these advantageous eflects are obtained with limited
outer dimensions, since the elements concurring 1n holding
the rack 106 and/or the pinion 1035 1n stable conditions are
arranged inside the shell 102 and hence do not require
increased overall dimensions of the device.

In particular, it must be pointed out that, also in this
embodiment of the device of the invention, the means
concurring 1n holding the rack 106 in said stable conditions,
1.€., the spring 108, the oscillating element 109 with the teeth
114 and 115, the chamifer 116, the seat 122 1n the protrusion
122 of the container shell 102, are arranged at or alongside
the rack 1tself, so that the outer dimensions of the device 101
are de facto only dependent on the travel of the thermoac-
tuator 103.

Based on this teaching, many variants of the invention can
be conceived by modilying the means concurring in holding
the device 1n the above-mentioned stable conditions.

In order to make this concept more easily understood,
reference should be made to FIGS. 34-44, which illustrate
another variant of the device of the invention, and wherein,
for simplicity, any parts which are similar and/or equivalent
to those already seen 1n the first example are designated by
the same reference numerals with the addition of 200; thus,
for example, the device of this vanant 1s designated as a
whole 201 and comprises a shell 202 that houses 1ts com-
ponents, closed by a cover 221.

In substance, this second variant of the invention differs
from the preceding ones 1n that the mechanism that locks the
first transmission member, 1.¢., the rack 206, comprises a
stop element consisting of a profiled rotary head 209 asso-
ciated with a pin 208; the head 209 being preferably pro-
vided with a stop or engagement profile or seats or protu-
berances, in particular a profile comprising four points
and/or four lobes, which may be defined, for simplicity,
“buttertly profile”.




US 9,786,455 B2

13

The pin 208 associated with the stop head 209 preferably
extends 1nto an aperture or hole 210 of the housing or shell

202, passing through the side wall thereol (FIG. 37),

although one may employ a pin 208, integral with the shell
202, extending 1nto a seat or hole of the stop element or head
209.

For brevity’s sake, the following will only tackle those
aspects which mostly differentiate this variant from the other
ones, whereas for all common aspects reference should be
made to the above descriptions of the previous examples.

In particular, as can be seen 1n FI1G. 40, the rack 206 1n this
case has, 1n addition to the head 209, also a seat or aperture
215 on the side opposite to that of the teeth 261, in which
aperture 215 there are a first and a second rotation and/or
engagement guides 213, 214 cooperating with the engage-
ment head 209. Preferably, the engagement head 209 1s
made as one piece with the pin 208, which 1s free to rotate
about 1ts axis.

The head 209 1s housed 1n the seat 215; when 1n operation,
it comes 1n contact with the rotation and/or engagement
guides 213, 214 with which 1t cooperates: during the motion
of the rack 206 generated by the actuator 203, 1n fact, the
seat 215 preferably moves relative to the pin 208 and to the
stop head 209.

More 1n detail, the preferred version of the head 209
comprises two opposite ends protruding outwards and pro-
vided with two cutouts or seats 209q, 2095b, e.g., two
V-shaped cutouts.

The rotation guides 213, 214 comprise coupling portions
to be coupled to said cutouts 209a, 2095 of the head 209,
which are adapted to allow for mutual engagement between
the parts 1n order to cause a rotation or to stop the rotation
of the head 209, as will be described more 1n detail hereafter.

FIGS. 41 to 44 provide a better view and understanding
of the operation of the bistable engagement means of this
embodiment.

With reference to an mitial condition (FIG. 41), wherein
the thermoactuator 203 1s off and the stem 232 associated
therewith 1s retracted through the eflect of the elastic return
force of the spring inside of 1t, the engagement head 209 is
horizontal and adjacent to the rotation and engagement
guide 213 located in the upper portion of the aperture 215.

When power 1s supplied to the actuator 203, the stem 232
associated therewith moves forwards and the rack 206 is
pushed towards the pimion 205 (1.¢., to the left in FIG. 42),
until the cutout 2095 of the engagement head 209 engages
the second rotation and engagement guide 214 which 1s
present 1n the aperture 215 of the rack 206, thereby deter-
mimng a first partial rotation of the engagement head 209,
in particular by a predefined number of degrees.

When power 1s no longer supplied to the actuator 203, the
stem 232 moves backwards through the effect of the return
spring associated therewith, thereby moving the rack 206
towards the actuator 203.

The backward movement of the stem 232 1s stopped in the
stable position of FIG. 43 through the eflect of the interfer-
ence between the engagement head 209 and the other
rotation and engagement guide 213, in particular 1 said
angle portion.

In order to remove this locked condition, the thermoac-
tuator 203 1s activated again; as a consequence, the stem 232
moves forwards, thus moving the rack 206 until the second
rotation guide 214 pushes against the side of the engagement
head 209, thereby causing 1t to rotate by a few degrees 1nto
a predefined position (clockwise with reference to FIG. 44)
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and orienting 1t beyond the first guide 213, 1.¢., 1n such a way
that said cutout 209a 1s not oriented towards the rotation and
engagement guide 213.

At this point, the thermoactuator 203 1s deactivated and
the stem 232 returns into the retracted condition (through the
cllect of the return action of the spring associated therewith),
thus moving the rack 206 backwards.

The engagement head 209 1s then subject to further side
thrusts by the guides 213 and/or 214, which determine a
further rotation thereof, so that said head 209 becomes
aligned with the first rotation guide 213 and returns into the
initial condition (shown 1n FIG. 41), ready for starting a new
cycle as just explained.

From the above description one can understand that also
this variant of the invention attains the same advantages as
the preceding examples 1n terms of energy consumption
reduction.

In particular, it must be pointed out that the device 1s
compact and 1ts outer dimensions are rather small, 1n that
they depend, 1n practice, on the travel of the thermoactuator
203 and of the associated stem 232, since the elements
concurring 1n holding the mechanism in the two stable
conditions discussed above are housed 1n the container shell
202, alongside the rack 206.

Similar considerations also apply, mutatis mutandis, to
cases wherein devices with multiple thermoactuators are
used, e.g., when 1n the same shell there are pairs of ther-
moactuators arranged side by side.

This 1s the case of the other variants of the invention
referring to FIGS. 45 to 61, which 1illustrate difl

erent
embodiments obtained by observing this principle. We will
start for simplicity from FIGS. 45-54, wherein, whenever
compatible and/or possible, the same reference numerals of
the 1tems already discussed in the first example are used,
with the addition of 300.

As can be seen, the device 301 comprises 1n this case two
thermoactuators 303, 304, cach one comprises a housing of
its own consisting of two external half-bodies 330a, 3305;
340a, 3405 accommodating the thermal assembly 331, 341,
which contains the expandable wax; each actuator 303, 304
preferably comprises fastening means, consisting in this
example of symmetrical fastening flanges 336, 346, wherein
cach fastening element or flange 1s preferably formed 1n a
respective half-body 330a, 3305; 340a, 340b.

Each thermal assembly 331, 341 exerts a thrust on a
corresponding stem or shaft 332, 342 coupled thereto; for
this purpose, each assembly comprises a thrust element
331a, 341a, which i1s activated by the heat-expandable
material M contained in the respective chamber 3315, 3415,
thus coming out of the assembly and pushing the stem 332,
342 forwards.

The stem 332, 342 has an elongated shape and 1s associ-
ated with a spring 333, 343, useful to ensure the elastic
return of the correspondmg actuator 303, 304 into the i1dle
condition when it 1s turned off and the wax therein has
cooled down; the spring 333, 343 pushes said stem 332, 342,
which in turn pushes the thrust element 331a, 341a towards
the inside of the chamber 33154, 3415.

To this end, the actuators 303, 304 are preferably
equipped with at least one respective pair of electric contacts
334, 335; 344, 345 to be connected to a power supply source,
as 1s the case of household appliances, for example, wherein
the actuator device 1 according to the invention can be used
to advantage.

The thermoactuators 303, 304 are arranged side by side
inside the shell 302, 1n particular with their respective axes
and/or working directions defined by the direction of move-
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ment of the stems 332, 342 and/or of the racks 306, 307,
preferably with the fastening flanges 336, 346 projecting
upwards and downwards and extending through respective
apertures 320 provided on the cover 321 that closes the shell
302 and on the bottom of the latter; said fastening element
336 of the thermoactuators 303, 304 may however be absent
or be of a diflerent type, resulting 1n a different coupling or
engagement with the housing or shell 302.

According to the non-limiting example shown 1in the
drawings, the shell 302 has a wider rear portion 302q that
houses the thermoactuators 303, 304 and a front portion
3025 that houses a rotary or angularly-movable transmission
member, called pmion 305 for simplicity.

The latter, as can be clearly seen 1n FIGS. 49-33, advan-
tageously consists, in this embodiment, of a first central
clement or pin 350 for supporting and/or fitting a toothed
wheel 351; i1t should be considered that said toothed wheel
351 may have teeth on only a portion of 1ts circumierence,
preferably on two or more portions, thus being divided into
distinct sectors as shown in the drawings, wherein the
circumierence of the toothed wheel 351 comprises two
opposite or specular or semicircular sectors 351a, 351b.

The pin 350 of the pinion 3035 has a base 352, preferably
having a greater diameter than the pin itself and/or than the
toothed wheel 351, within which a coupling or fitting
clement 353, such as a polygonal or square cavity 353, is
tormed for coupling the rotary pinion 305 to an output shaft
or another member driven by the externally associated
actuator device 301 (not shown 1n the drawings), such as a
shaft having at least one end with a shape complementary to
the seat 353, e.g., polygonal or square.

The toothed wheel 351 has, at one end thereof facing the

base 352 of the pin 350, a disk or stop element 354, the edge
of which has a series of cutouts or seats 355'. 355" the
function of which will be described 1n detail later on.

Preferably, in the cover 321a seat 326 i1s formed for
housing an insert 356 of the cover 321; in accordance with
a preferred embodiment, said 1nsert 1s made of transparent
material, such as a transparent thermoplastic material or
glass, to allow seeing or checking from outside the cover
321 the angular position of the upper end of the pinion 305
and/or of the toothed wheel 351. To this end, suitable
notches or protuberances or references 327 are also present
at the periphery of or inside the seat 326 of the cover 321,
which cooperate with a reference provided on the pinion 305
and/or on the toothed wheel 351 to indicate the angular
position thereol. For example, a reference on the pinion may
consist of a suitable notch or protuberance, or possibly an
excitation element for a position sensor.

Said excitation element may be, for example, a cam
clement, 1n particular for exciting an electric contact, or a
magnetic element or a permanent magnet, 1n particular for
exciting a magnetic detection sensor, or a reflective element,
or an element adapted to interrupt or divert an optical beam,
in particular for exciting an optical detection sensor.

The position of the pinion 305 may advantageously be
detected through the transparent msert 356, whether visually
or through optical means (e.g., photocells, luminous rays,
etc.), not shown in the drawings, particularly for making
checks during the production stages and/or in operation.

According to a possible variant, said insert 356 acts as a
closing element for protecting the pinion 305 against dust,
external agents or various impurities which might stop the
rotation of the pin and cause damage to 1it.

It must however be pointed out that the insert 356 may be
absent, and the upper end of the pinion 305 and/or of the
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toothed wheel 351 may pass through or be housed in said
seat 326, so as to be visible and/or detectable from the
outside.

The toothed wheel 351 of the pmion 305 meshes with a
pair of racks 306, 307, i1.e., transmission elements which
move 1n a substantially linear manner, arranged on opposite
sides thereof, the racks 306, 307 being symmetrically or
specularly arranged with respect to the axis of said pinion
303 or toothed wheel 351; the racks 306, 307 are preferably

guided, 1n particular by at least a portion of the housing
302,321, ¢.g., the side walls of the front portion 3025 of the

shell 302 and those of the cover 321, against which they
abut.

To this end, preferably on the side opposite to that of their
teeth 361, 371, the racks 306, 307 have at least one respec-
tive guide 360, 370, such as pairs of guides 360 and 370,
which facilitate their sliding action towards or relative to the

shell 302 and/or the cover 321, e.g., the side walls of the

shell 302 and of the cover 321.

In the front part 3025 of the shell 302 there 1s also an
clastic stop or engagement element 310, such as a leaf spring
310, preferably arranged transversally to the direction of
movement of said rack elements 306, 307 or thermoactua-
tors 303, 304 and located 1n proximity to the stop disk or
clement 354 of the pimion 305; the elastic element or spring
310 has a central rib or protuberance 310a, the shape of
which 1s conjugated to that of the cutouts or seats 355", 355"
of the disk 354, or an element 310, 310q shaped 1n a manner
such as to engage said cutouts or seats 335', 355" for the
purpose of holding the disk 354 and/or the pinion 305 in
substantially stable positions. It should however be noted
that the elastic element or spring 310 may act by iriction
alone upon the disk 334, without the latter having any
cutouts.

The device 301 according to the mvention operates as
follows. In order to turn the pinion 305 clockwise with
reference to a top view of the device 301 (like those of FIGS.
45, 46), the rack 306 1s moved and/or pushed and/or
advanced by the corresponding thermoactuator 303.

The latter 1s then electrically powered through the con-
tacts 334, 335, which heat up the PTC electric resistor 338
arranged inside the thermal assembly 331. The electric
current supplied through the electric terminals 334, 335,
344, 345 to the resistors 338 causes the latter’s temperature
to rise; as a consequence, the assemblies 331, 341 in contact
therewith are heated as well.

This causes the expansion of the heat-expandable material
M contained 1n the thermal assemblies 331, 341, which 1n
turn cause the thrust element 331a to move and operate the
stem 332, which comes out of the body 330 of the thermo-
actuator 303 against the countering force exerted by the
spring 333, thus pushing and moving the rack 306.

The travel of the rack 306 1s thus substantially equal to
that of the corresponding thermoactuator 303 (typically a
tew millimeters, e.g., 1n the range of 4 mm to 12 mm or even
more), and rotates the pinion 305 by a preset angle as a
function of the transmission ratio of the toothing 351, e.g.,
an angle between 30 degrees and 180 degrees, preferably
between 45 degrees and 90 degrees.

Preferably, for obtaining a 90 degree rotation a rotary
clement or pinion 5,51 with twelve 0.75 module teeth 1s
used, whereas for obtaining a 350 degree rotation a rotary
clement or pinion 5,51 with twenty-two 0.75 module teeth 1s
used.

The movement of the rack 306 being pushed determines
the rotation of the pinion 305 by an angle such that the cutout
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355" 1s released from the rib or protuberance 310a of the
spring 310 and the second cutout 355" engages with said
protuberance 310a.

Said engagement, which 1s a releasable one, allows hold-
ing the pinmion 3035 stably in the achieved condition, even
when the thermoactuator 303 i1s de-energized. It should be
noted that the means for mutual engagement or for holding
the stable position may also be of another type suitable for
this purpose, to be associated with the pinion 305 and/or
with the racks 306, 307; for example, the pinion 3035 and/or
the rack 306, 307 may be provided with a protuberance 355’
and at least one elastic element or spring 310 with a seat
310a (or one may exploit the friction exerted on the pinion
305 by the spring 310).

In fact, as already explained, when the thermoactuator
303 stops being electrically powered, the wax inside the
thermal assembly 331 cools down and reduces its volume;
consequently, the stem 332 moves backwards, pushed by the
force of the elastic return spring 333.

When the stem 332 has gone back in, 1t no longer exerts
a force on the rack 306 and on the pinion 305, which thus
remains locked 1n position by the holding device 355, 310aq,
1.¢., by the engagement between the cutout 355' and the nib
310a of the spring 310. This happens throughout the time
required by the operation of the apparatus i which the
actuator device 301 1s being used.

Thus, for example, 1n the case of a washing agent dis-
penser of a household appliance like the one disclosed 1n the
previously mentioned American patent, the time during
which the pinion 305 1s held 1n the locked condition depends
on the wash cycle, and may therefore last some minutes
(e.g., 5-15); consequently, the known thermoactuator must
be kept powered as well all the time.

If a thermoactuator according to the invention 1s adopted,
in such time 1nterval neither of the thermoactuators 303 and
304 1s kept electrically powered, resulting in an evident
consumption advantage.

One 1important advantage oflered by this device 1s that 1t
does not require a position sensor to accurately define the
working position, in that when moving the respective ther-
moactuator 3, 4 the direction of rotation 1s certain, and so 1s
the position of the pinion 305.

When the pinion 305 must be moved 1n the opposite
direction and/or returned to the previous position, in the
device 301 the second thermoactuator 304 1s activated
which, by operating as described for the other thermoactua-
tor 303, acts upon the second rack 307 through the stem 342.

The force applied by the shaft or stem 342 1s such as to
overcome the locking action exerted by said stop element,
1.€., the leat spring 310 with the disk 354 and 1ts cutout 355",
thus causing the pinion 305 to rotate backwards until the
second cutout 355" of the disk 354 engages with the rib 310qa
of the spring 310.

In this frame, 1t must be observed that the return torque
depends on the stronger force of the actuator, not on the
(weaker) force of a spring.

In this case as well, the travel of the thermoactuator 304
1s such as to ensure a preset angle of rotation of the pinion
305, depending on said transmission ratio between its tooth-
ing 351 and the toothing of the rack 306, 307.

In this regard, 1t must also be pointed out that, in accor-
dance with a preferred embodiment, the travel of the rack
307 (as well as that of the other rack 306) advantageously
finds an end-of-travel abutment 1n the back wall of the shell
302 that houses the device 301, as can be seen 1in FIG. 46,
though different abutments or stop elements or end-of-travel
clements may also be concerved.
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It should also be taken into account that said racks, which
are preferably substantially equal or specular, have been
preferably described herein as elements adapted to make a
linear movement or travel, while also being able, 11 neces-
sary, to make different movements, such as a slightly arched
movement, under the action of said linear thrust exerted by
the thermoactuators 303, 304, and still being able to engage
and rotate the second rotary member or pinion 305, 351.

This feature, along with the stable arrangement of the
actuators 303, 304 1n the rear part 302q of the shell 302 and
with the pinion-rack mechanism, allows to obtain a very
accurate actuator device 301 that can be used for any
application requiring very precise movements.

Also 1n this case, of course, once the stable advanced
holding condition has been reached, 1.e., when the cutout
355" has engaged the rib 310q of the leaf spring 310, the
second actuator 304 1s de-energized and 1ts stem 342 returns
into the retracted condition, also because of the action of the

clastic return coil spring 343.

It follows that the pinion 305 can remain in that reached
condition without power having to be supplied to the ther-
moactuator 304.

It 1s apparent from the above description how the device
301 according to the mnvention can solve the technical
problem addressed by the invention.

In fact, as explained above, 1t allows to hold the pinion
305 1n two preset conditions or stable positions without
requiring electric power to be continuously supplied to the
thermoactuators 303, 304, since the latter need to be pow-
ered only for the time strictly necessary for switching the
angular position of the rotary element 305, 351.

It follows that, from an energetic viewpoint, the consump-
tion of the device 301 1s much lower, all conditions being
equal, than that of the above-mentioned prior-art devices, 1n
which the thermoactuator must be kept powered as long as
the pinion needs to be held 1n the stable condition. This also
applies to devices wherein the actuator 1s coupled to the
rack.

It must be underlined that this result 1s attained for both
stable conditions of the device, 1.e., for both stable angular
positions; hence the advantage 1n this respect 1s doubled.

It follows that the device 301 combines all the above-
mentioned advantages derived from the use of thermal
actuators, without the drawbacks due to the necessity of a
continuous electric supply.

The device 301 1s also compact, because the side-by-side
arrangement of the thermoactuators 303, 304 minimizes 1ts
outer dimensions, for the pinion can advantageously be
interposed between the racks 306, 307 associated with the
respective actuator 303, 304; 1n other words, 1t can be stated
that the outer dimensions of the device 301 according to the
invention are only dependent on the dimensions of the two
thermoactuators 303, 304, which are arranged side by side,
and of the two respective racks 306, 307, which are also
arranged side by side, 1n that the pinion can advantageously
be positioned between them.

Furthermore, thanks to this arrangement of the actuators,
the racks 306, 307 can advantageously be guided by the
walls of the housing shell 302, which walls can also be used
as abutment elements.

Because of at least some of these features, as already
explained, the device 301 turns out to be compact and
precise.

It should also be stressed that the side-by-side arrange-
ment of the actuators advantageously facilitates the use of a
single connector for supplying power to both of them. Of
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course, the mvention may be subject to a number of varia-
tions with respect to the description provided so far.

For example, some of the engagement means 9, 109, 209,
of the rack 6, 106, 206 described 1n relation to the examples
with a single thermoactuator 3, 103 and 203 may be
employed 1n the variant with the two thermoactuators 303,
304 of FIGS. 45-54.

Furthermore, 1t must be pointed out that other possible
variants may be obtained by moditying the thermoactuators,
¢.g., modilying the outer shell and cover of the device, as
well as the housing of the thermoactuator.

In substance, this embodiment differs from the preceding
one in that the thermoactuators lack the outer housing, since
the shell 402 and the cover 421 act as a housing themselves.

It follows, therefore, that the thermal units 431, 441 of the
thermoactuators 403, 404 are directly housed in the shell
402, which for this purpose has seats or half-cells 413, 414
at the rear portion 4024, configured with transversal 415 and
longitudinal 419 walls or ribs that hold the thermal units
431, 441 1n position.

As clearly shown 1n FIGS. 59, 60, also the cover 121 has
similar seats or half-cells 423, 424 with transversal 425 and
longitudinal 429 ribs, so that, when the cover 421 1s closing
the shell 402, the half-cells form the housings for the
thermoactuators 403, 404, 1.¢., the housings for at least the
respective thermal assemblies 431, 441 and/or the respective
repositioning springs 433, 443 and/or the respective electric
heaters or PTC resistors 438.

It should be noted that the cover 421 also extends over the
rear part 402a of the housing 402, where there are the
thermal assemblies 431 and 441, with apertures or slots 428
through which the electric termmals 433,434, 443, 444 can
pass; according to a variant not illustrated in the drawings,,
at least two electric terminals 434, 445 can be made as a
single electric terminal contacting both thermal assemblies
431, 441, 1.e., an electric terminal shared by at least two
thermal assemblies 431, 441. Said at least one electric
terminal 433, 444 1s provided with elastic contact protuber-
ances facing a respective one or both of the thermal assem-
blies 431, 441 arranged side by side, in particular with at
least one electric terminal 433, 444 at least partly interposed
between two adjacent surfaces, preferably flat and parallel to
cach other, of respective thermal assemblies 431, 441.

In accordance with a preterred embodiment, the thermal
assemblies 431, 441 are arranged side by side and/or parallel
to each other, and are shaped externally like a parallelepi-
pedon, or include at least one flat side wall 437, 447.

This promotes the equally spaced arrangement of the
electric terminals 434, 435, 444, 445; therefore, since 1n this
example the thermal assemblies 431, 441 lack a respective
single housing, which 1s replaced by the shell 402 and the
cover 421 where they are housed, the distance between the
two thermal assemblies 431, 441, which determines the
distance between the terminals 434 and 445, 1s preferably
predefined 1 a manner such that it equals the distance
between the terminals 434 and 435; 444 and 445.

The latter are preferably of the flat type, their width being,
in the range of 6.1 to 6.5 mm, substantially equal or close to
6.3 mm, and their thickness being in the range of 0.6 mm to
1 mm, preferably equal or close to 0.8 mm; the pitch
between the terminals 434, 435, 444, 445 15 1n the range of
9 to 11 mm, preferably equal or close to 10 mm.

To this end, the transversal 415 or longitudinal 419 walls
or ribs of the shell 402, as well as the corresponding ones
425, 429 of the cover 421, ensure that the thermal assemblies
431, 441 will be positioned at such a distance that the
clectric terminals 434, 435, 444, 445 will be equally spaced
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by a predetermined pitch, thus creating a single electric
connector of the device; this features oflers the advantage
that the device 1 can be connected to a single complemen-
tary connector, 1.e., having the same pitch, of the external
wiring of the user apparatus.

Preferably, the electric connector of the device 1 com-
prises also engagement means and/or coding means and/or
positioning and/or orientation means for ensuring a single
and/or oriented fitting and/or coupling to a respective elec-
tric connector of the wiring, in particular for the purpose of
avoiding wrong connections to other connectors and/or
clectric connections.

For the remaining part, this variant embodiment of the
device 1s equal or similar to the one previously described,
with a transmission member, 1.€., the pinion 405, which 1s
driven by the thermoactuators 403, 404 through another
transmission member, 1.€., the pair of racks 406, 407.

The pinion 405 comprises the central pin 450 with the
base 452, the toothed wheel 451 and the disk 454 with
cutouts 455", 455", just like the preceding one, and therefore,
for brevity, reference should be made to the above descrip-
tion for further details; the same 1s true as regards the
operation of this variant of the invention, which 1s similar to
the preceding case and will not be described any further;
again, reference should be made to the above description for
further details.

As can be easily understood, this variant of the device
according to the invention 1s even more compact than the
preceding one, in that the single housings for the thermo-
actuators have been eliminated, being at least partly pro-
vided as one piece and/or integrated into a new housing 402,
421, in particular comprising a shell 402 and a cover 421,
with the thermal units 431, 441 directly mounted inside the
shell 402 and/or the cover 421.

In accordance with a preferred embodiment of the mnven-
tion, the housing defined by the shell 402 together with the
cover 421 also accommodates the stems 432, 442 associated
with the thermal assemblies 431, 441, as well as the elastic
return coil springs 433, 443 and the electric heaters 438 or
PTC resistors, plus the racks 406, 407, the pinion 405 with
the toothed wheel 451 and the pin 450, and the stopping
means 410, 455', 455" of the latter.

As can be easily understood, this provides protection for
the entire mechanism of the device according to the inven-
tion, with apparent advantages in terms of reliability and
safety, since the risk that a person might be injured by the
movable parts of the mechanism 1s eliminated or at least
reduced.

In this context, 1t must be taken into account that further
variants are also possible as concerns the operation of some
clements of the device.

For example, the actuators may be of the bimetal or
shape-memory alloy type, and may be associated with
heaters conceptually similar to those already described (re-
sistors or PTC resistors), or they may be heated individually
in a different way, e.g., by circulating an electric current
directly 1n the electrothermal element, such as a shape-
memory alloy wire.

The latter will contract when heated, thus pulling a
respective rack (e.g., the wire being connected to the rack
and to the housing), possibly with the addition of an elastic
return element or spring.

In the bimetal case, 1t may be a leaf-spring element which
changes 1ts curvature when 1ts temperature rises, and which
1s adapted to transform said curvature variation into linear
motion for translating the rack, etc.; for example, a rack
resting on the intermediate point of the leaf spring.
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Finally, 1t must be pointed out that, although in the
above-described examples and vaniants reference has been
made to actuator devices producing rotary motion, the
principles of the invention are also applicable to devices
producing a different type of motion, e.g., angular motion.

Let us think, for example, of a slider being alternately
driven by the movements of at least one of the racks
controlled by at least one of the thermoactuators discussed
above.

All these possible solutions, just like the preceding ones,
tall within the scope of the following claims, the text of
which 1s an integral part of the present description.

They may find application in household appliances and/or
environmental conditioning and heating apparatuses and/or
vehicles and/or automatic devices i general; for example,
for controlling the position of flaps or valves with rotary
obstructors, etc.

What 1s claimed 1s:

1. An actuator device comprising at least:

a {irst transmission member which 1s substantially linearly
slidable or movable, the first transmission member
comprising one of a rack or a shiding gear;

a second transmission member cooperating with the first
transmission member and comprising one of a pinion,
a toothed wheel, or an angularly-movable gear which
engages with the rack or sliding gear, the second
transmission member being rotatable or angularly mov-
able between at least two operating conditions;

a thermal assembly, which when electrically activated
moves at least one of said first transmission member
and said second transmission member;

said first transmission member and said second transmis-
sion member mutually cooperate to transmit motion
from the first transmission member to the second
transmission member between at least said two oper-
ating conditions;

releasable engagement means associated with at least one
of said first member and second member and config-
ured to hold at least one of said first transmission
member and said second transmission member 1n at
least two stable conditions.

2. The device according to claim 1, wherein the motion of
said second transmission member 1s of the rotary type, and
wherein the releasable engagement means cooperate there-
with to hold said second transmission member 1n at least one
ol said stable conditions.

3. The device according to claim 1, comprising an outer
housing that houses at least a part of said first transmission
member and/or said second transmission member, wherein
the releasable engagement means:

cooperate with the outer housing to hold at least one of
said first transmission member and said second trans-
mission member 1n at least one of said stable condi-
tions;

are at least partly made or integrated into the outer
housing;

include one or more of the following housing parts:
grooves, cam profiles, engagement seats, guides, aper-

tures and/or holes, or element fastening means.

4. The device according to claim 1, wherein the releasable
engagement means comprise a hook-shaped element asso-
ciated or integral with the first transmission member and
slidably guided along a path or a groove or a cam on the
housing, wherein the hook-shaped element 1s preferably
flexible or associated 1n a substantially articulated manner
with the first member.
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5. The device according to claim 1, wherein the releasable
engagement means comprise a substantially oscillating or
floating or horizontally-pivoted hooking element, which 1s
adapted to engage with said first transmission member
and/or with a housing.

6. The device according to claim 3, wherein said substan-
tially oscillating or tloating or horizontally-pivoted hooking
clement comprises one or more of the following:

protrusions and surfaces, adapted to engage with said first

transmission member and/or with an outer housing to
hold said first transmission member and/or said second
transmission member in at least one of said stable
conditions,

wherein said first transmission member comprises one or

more surfaces, cavities, and protrusions, which are
adapted to engage or cooperate with said substantially
oscillating or floating or horizontally-pivoted hooking
clement and/or with the outer housing to hold said first
transmission member and/or said second transmission
member 1n at least one of said stable conditions.

7. The device according to claim 5, further comprising an
clastic connection element between said substantially oscil-
lating or floating or horizontally-pivoted hooking element
and said first transmission member.

8. The device according to claim 1, wherein the releasable
engagement means comprise a rotary hooking element asso-
ciated and/or cooperating with guides and/or couplings or
similar elements associated with or integrated into said first
transmission member.

9. The device according to claim 8, wherein the releasable
engagement means comprise at least one of:

a pin or means for associating a head with said housing;

means adapted to cause the rotary element to cooperate

with the guides and/or couplings, and/or

wherein the rotary element comprises seats or cutouts

arranged at the periphery of the rotary head to coop-
erate with the guides and/or couplings.

10. The device according to claim 1, further comprising at
least two thermal assemblies or thermal and/or electrother-
mal actuators.

11. The device according to claim 1, further comprising a
housing, wherein the housing comprises a shell which 1s at
least partly closed by a cover, and which houses said at least
one thermal assembly.

12. The device according to claim 1, further comprising a
housing, wherein the housing comprises a shell which 1s at
least partly closed by a cover, and which houses said at least
one thermal assembly and at least a part of at least one of
said first and second transmission members, wherein the
housing comprises means for detecting a position of said
first or second transmission member,

and at least one of:

a transparent nsert adapted to allow visibility inside the

housing; or

means or references visible from the outside of the

housing.

13. The device according to claim 1, further comprising a
housing, wherein the housing comprises elements or seats
for housing or positioning the at least one thermal assembly,
and/or comprises guides and/or seats for at least one of said
first and second transmission members.

14. The device according to claim 1, wherein said thermal
assembly comprises a thermal actuator or an electrothermal
linear actuator.

15. The device according to claim 1, wherein said thermal
assembly 1s configured to hold at least one of the first
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transmission member and the second transmission member
in the at least two stable conditions while de-energized.

16. The device according to claim 1, wherein the at least
two stable conditions include a first condition and a second
condition,

wherein the thermal assembly i1s energized to move the

first transmission member and the second transmission
member from the first condition to the second condition
and 1s de-energized afterwards such that the releasable
engagement means holds the actuator in the second
condition, and

wherein the thermal assembly 1s energized to move the

first transmission member and the second transmission
member from the second condition to the first condition
and 1s de-energized afterwards such that the releasable
engagement means holds the actuator 1n the first con-
dition.

17. The device according to claim 1, wherein the thermal
assembly when electrically activated moves from a con-
tracted state to an extended state and when electrically
deactivated automatically rebounds from the extended state
back to the contracted state unless restrained 1n the extended
state.

18. The device according to claim 17, wherein the first
transmission member and the second transmission member
are each movable between a respective first operating con-
dition and a spaced apart second operating condition and
wherein the thermal assembly, first transmission member
and the second transmission member cooperating together
so that:

when the thermal assembly 1s a first time electrically

activated and then a first time electrically deactivated,
the thermal assembly moves the first transmission
member and the second transmission member to their
respective first operating conditions with the releasable
engagement means holding at least the first transmis-
ston member or the second transmission member 1n a
first of the two stable conditions; and

when the thermal assembly 1s a second time electrically

activated and then a second time electrically deacti-
vated, the thermal assembly moves the first transmis-
sion member and the second transmission member to
their respective second operating conditions with the
releasable engagement means holding at least the first
transmission member or the second transmission mem-
ber 1n a second of the two stable conditions.

19. The device according to claim 18, wherein the thermal
assembly, first transmission member and the second trans-
mission member cooperating together so that when the
thermal assembly 1s a third time electrically activated and
then a third time electrically deactivated, the thermal assem-
bly moves the first transmission member and the second
transmission member back to their respective first operating,
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conditions with the releasable engagement means holding at
least the first transmission member or the second transmis-
sion member 1n the first of the two stable conditions.

20. An actuator device comprising at least:

a first transmission member which 1s substantially linearly
slidable or movable between a first operating position
and a second operating position;

a second transmission member which 1s rotatable or
angularly movable between a first operating position
and a second operating position, the first transmission
member and the second transmission member cooper-
ating together so that when one of the first or second
transmission members 1s moved to the their first or
second operating position, the other of the first or
second transmission members 1s also moved to their
first or second operating position;

a thermal assembly which when electrically activated
moves from a contracted state to an extended state and
when electrically deactivated automatically rebounds
from the extended state back to the contracted state
unless restrained 1n the extended state;

the thermal assembly, first transmission member and the
third transmission member cooperating together so
that:
when the thermal assembly 1s a first time electrically

activated and then a first time electrically deacti-
vated, the thermal assembly moves the first trans-
mission member and the second transmission mem-
ber to their respective first operating positions, a
releasable restraint restraining at least the first trans-
mission member or the second transmission member
in their respective first operating positions; and
when the thermal assembly 1s a second time electrically
activated and then a second time electrically deacti-
vated, the thermal assembly moves the first trans-
mission member and the second transmission mem-
ber to their respective second operating positions.

21. The actuator device according to claim 20, wherein
the releasable restraint restrains the thermal assembly at
least partially 1n 1ts extended state when the thermal assem-
bly 1s first time electrically deactivated.

22. The actuator device according to claim 20, wherein
the thermal assembly, first transmission member and the
third transmission member cooperating together so that
when the thermal assembly 1s a third time electrically
activated and then a third time electrically deactivated, the
thermal assembly moves the first transmission member and
the second transmission member back to their respectlve
first operating positions, and the releasable restraint again
restrains at least the first transmission member or the second
transmission member 1n their respective first operating posi-
tions.
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